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[57] ABSTRACT

A method and apparatus for removing contaminants such as
heavy metals and organic pollutants from contaminated
water using waste cast steel shot blast fines is described.
Shot blast fines were hitherto disposed of by the iron
processors at significant cost. In another embodiment, waste
shot blast fines are used to fix heavy metal and organic

contaminants in groundwater and water runoff from con-
taminated landfills and industrial sites.
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METHOD AND APPARATUS FOR
TREATMENT OF CONTAMINATED WATER
USING WASTE SHOT BLAST FINES

TECHNICAL FIELD

The present invention relates to a method and apparatus
for treating contaminated water, and more particularly to the
removal of heavy metal and organic poliutants from con-
taminated water using waste shot biast fines.

BACKGROUND OF THE INVENTION

Beginning in 1972, the Congress of the United States
instituted a comprehensive regulatory scheme for tracking
and reducing water pollution. These provisions, known
generally as the Clean Water Act, have become progres-
sively more restrictive in the type and amount of pollutants
facilities are permitted to discharge. The facility (point
source) 1s controlied by regulations citing technology-based
effluent limitations. For toxic and non-conventional pollut-
ants the facility must use the best available technology
economically achievable and the effluent limitations are
reviewed every five years.

One area of particular concern for both industry and for
government regulators is the release of heavy metals into the
environment. Heavy metals such as cadmium, lead and zinc
have been found to be toxic in minute quantities. The
Environmental Protection Agency suggests that it takes an
unstressed ecological system approximately three years to

recover from a pollution event in which excessive amounts
of cadmium are released.

I.ead has been pin-pointed as an especially dangerous
heavy metal. It tends to concentrate in the skeletal system of
humans and animals, amplifying ifs toxicity as the indi-
vidual is exposed over time. Elevated levels of lead in blood
samples taken from children in urban areas are particularly
alarming. I.ead has been linked to cancer development, brain
damage and birth defects.

Organic chemicals of various sorts such as carbon
tetrachloride, chloroform, trichloroethane,
tetrachloroethane, perchloroethylene, trichloroethylene,
phenol, benzene, dichlorobenzene and many others are
commonly used in manufacturing processes and are fre-
quently found in wastewater streams. As in the case of heavy
metals, the discharge regulations have grown progressively
more stringent, allowing smaller amounts of these pollutants
to be discharged into the environment. American industry
has been forced to treat effluent containing these compounds

to remove all but trace amounts, often at considerable
expense.

The electronic and defense industries frequently generate
waste streams containing both organic chemicals and heavy
metals. Metal finishing, stripping and painting operations
produce wastewaters contaminated with phenol,
tetrachloroethylene, trichloroethylene, ethylene chloride,
isopropyl alcohol, and ketones in conjunction with one or
more heavy metals such as lead, cadmium and others. The
aqueous-phase concentrations of organics may range from
ten to several hundred ppm as in the case of phenol and from
one to five hundred ppm lead.

There have been substantial efforts directed to finding cost
effective methods to remove these heavy metals and organic
materials from wastewaters. Many of the methods currently
in use or under study involve the adsorption or absorption of
the organics onto a treatment matriX. Activated carbon is
commonly used in wastewater treatment facilities to remove
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organic contaminants from wastewater streams. Peroxide
oxidation is also a common treatment technique for removal
of organic contaminants.

Wastewater contaminated by heavy metals is typically
treated by reducing processes, coagulation, precipitation or
a combination of these techniques. These procedures are
both time-consuming and expensive. While adsorption onto
activated carbon is commonly used to treat wastewater 1o
remove organics, the use of adsorbents for treating the heavy
metals in wastewater is still in the experimental stage.
Numerous investigators have demonstrated that activated
carbon can be used to remove heavy metals, at least at the
laboratory scale. Activated carbon is, however, expensive.

Heavy metals and hazardous organic materials are also
sometimes found in the runoff and groundwater associated
with contaminated industrial sites and landfills. Many such
sites are abandoned, leaving contaminants which may
migrate with natural water flows from the site. Such con-
taminated water flows could pose a danger to human health
and the environment, forcing industry and government to
intervene to protect the public interest. A similar situation
exists in disposal sites where contaminants were inad-
equately contained.

There is a need for an economical method of intercepting
contaminated water flows and fixing the contaminants in
situ. There exists, additionally, a need in industry for an
easily applied, cost-effective sorbent to remove heavy metal
and organic contaminants from contaminated water streams.

SUMMARY OF THE INVENTION

The invention provides a method and an apparatus for
removing heavy metal and organic contaminants from con-
taminated water using waste shot blast fines, a material that
has been herctofore discarded in landfills at substantial
expense to the cast iron manufacturing industry. The water
treatment process can be performed in a continuous fixed
bed procedure, eliminating the sedimentation or filtration
steps necessary when powdered purification agents are uti-
lized.

The invention also provides a powdered iron-containing
material suitable for treating contaminated water in a batch
mode. Sieving the shot blast fines yields a fraction that will

pass through a 200 mesh screen, ideal for a process con-
taining a sedimentation or filtration steps.

Additionally, the invention provides a method of treating
groundwater and runoff streams from sites that have been
contaminated with heavy metals or organic materials. This
technique can be implemented by placing a barrier of waste

shot blast fines in situ, so as to intercept the contaminated
stream of water. |

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, reference is now made to
the following Detailed Description taken in conjunction with
the accompanying Drawings in which:

FIG. 1 is a flow diagram showing the use of shot blast
fines for the treatment of wastewater according to the
present invention.

FIG. 2 is a schematic drawing showing an apparatus for
treating wastewater using fixed beds of waste shot blast fines

to remove heavy metals and/or organic contaminants.
FIG. 3 illustrates a bed of shot blast fines intercepting

- contaminated water flowing from a site contaminated with

organic chemicals or heavy metals.
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FIG. 4 is a graph showing the adsorptive capacity of shot
blast fines for the cadmium ion in wastewater streams.

- FIG. 5 is a graph showing the adsorptive capacity of shot
blast fines for lead contaminants in wastewater streams.

FIG. 6 is a graph showing the adsorptive capacity of shot
blast fines for zinc contaminants in wastewater streams.

FIGS. 7 and 8 are graphs showing the results of dynamic
fixed bed flow tests used for determining the adsorptive
capacity of shot blast fines for cadmium.

DETAILED DESCRIPTION OF THE
INVENTION

Waste cast steel shot blast fines, a product of surface
finishing operations in the manufacture of ductile and/or
gray rron castings, is an iron-containing waste product that
is currently discarded as a solid waste in 1andfills. Shot blast
fines are produced when the surfaces of iron fittings, flanges,
mechanical joints and the like are finished out. Steel shot is
mechanically propelled against the iron to be cleaned to
remove sand, rust or other materials from the surface of the
iron. Impingement of the steel shot against the surface
generates fines containing iron, in addition fo residual sub-
stances from the casting. The used shot material is then
screened and separated. Fines generated during the cleaning
process are separated from the degraded shot and the intact
steel shot recycled. The fines that are separated out are the
subject of the present invention. Some iron processors
generate several cubic yards of shot-blast fines daily, rep-
resenting a substantial disposal expense. Cast steel shot blast
fines are principally iron, with trace amounts of antimony,
chromium., copper, magnesium, manganese, molybdenum,
nickel, sodium, tin, and zinc.

A typical analysis of a sample of cast steel shot blast fines
is seen in Table 1.

TABLE 1
Elemental Analysis of Typical Waste Cast Steel Shot Blast Fines
Element mg per kg
Antimony 160
Cadmium 5
Chromium 907
Copper 1,011
Iron 839,200
Lead 96
Magnesium 177
Manganese 5,889
Molybdenum 244
Nickel 714
Sodium 132
Thallium 26
T 49
Zinc 636

The trace materials seen in the chemical analysis above do
not leach from the shot blast fines. The shot blast fines have
been tested using a Toxicity Characteristic Leaching Proce-
dure (TCLP), EPA Test Method 1311 as incorporated in 40

CEFR 261, March 1994 (Test Methods, 1994). Typical results
of a TCLP analysis are shown below:
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TABLE 2

Representative Toxicity Characteristic Leaching Procedure Test Results

Element mg per kg
Arsenic <02
Barium <4
Cadmium <006
Chromium <12
Lead <04
Selenium <20
Silver <.02

The mechanism for the removal by shot blast fines of
heavy metals from wastewater streams appears to be multi-
faceted. Surface complexation is one of the primary pro-
posed mechanisms for heavy metal removal. An iron-
containing material such as shot blast may have oxide or
hydroxylated metal surface sites in solution such as >Fe-
OH,", >Fe-OH, and >Fe-O~ representing positively
charged, neutral and negatively charged sites, respectively.
The symbol > denotes that the Fe atom is part of the solid

matrix. Other possible mechanisms that may be active for
metal removal in this context are coprecipitation at elevated

pH, ion exchange with cationic sites, physical adsorption,
and cementation of metal cations by a more electropositive
(e.g., Fe) metal.

The cast steel shot blast fines are ideal for use in waste-
water treatment since a substantial portion of the material is
granular, and therefore may be used in a flow-through fixed
bed treatment scheme. The waste cast steel shot blast fines
contain particles of different sizes, and pre-processing to
separate smaller size fractions may be desirable for some
applications. The smaller size fractions may be used for
batch mode applications in treatment processes that include
sedimentation or filtration steps. A representative sieve
analysis of cast steel shot blast fines generated during
finishing operations in which iron parts were blasted with
steel shot is shown in Table 3, below.

TABLE 3

Size Inventory of a Sample of Shot-Blast Fines

Size Fraction % by Vol. Cum. % by Vol.
Pass 200 0.9 0.9
100/200 16.9 17.8

80/100 13.2 31.0
60/80 30.1 61.1
50/60 15.0 76.1
40/50 150 01.1
30/40 5.6 96.7
20/30 2.4 99.1
10/20 0.9 100.0

As shown in Table 3 approximately two thirds of the
sample run of cast steel shot blast fines is greater than 80

- mesh and thus more adapted to fixed bed wastewater treat-

65

ment applications than the smaller size fractions. Because of
its greater size and weight, the larger mesh shot blast fines
are not likely to be incorporated into the contaminated water
stream and no filtration or sedimentation step is needed in
the water treatment process. The remaining smaller mesh
size fraction of cast steel shot blast fines, i.e. <80 mesh may
be used for batch water treatment processes requiring sedi-
mentation or filtration. The shot blast fines can also be used
as an effective pretreatiment prior to or in combination with
other water treatment processes such as oxidation, precipi-
tation or adsorption onto activated carbon if necessary.
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Cast steel shot blast fines may be used in packed beds
similar to those now used for activated carbon or ion
exchange resins, both relatively expensive commercial sor-
bents. In a typical wastewater purification process using
packed beds, wastewater flows through a fixed bed of
adsorbent. The grain size and density of the sorbent prevents
the movement of the sorbent particles into the wastewater
stream, thus avoiding the filtration or sedimentation steps
discussed above.

Laboratory-scale batch-mode and fixed-bed dynamic
adsorption tests have both demonstrated that the removal
capacity of shot blast fines compares favorably with that of
activated carbon for the removal of some heavy metals.
Bottle-point isotherm tests have been used to ascertain the
adsorption capacity of target heavy metals by shot blast
fines. Example 1 illustrates a batch isotherm test in which
the adsorptive capacities of both powdered and granular cast

iron shot blast fines are compared with that of activated
carbon.

EXAMPLE 1

The prepared shot-blast fines are contacted with aqueous
solution containing the solutes of interest at pre-established
conditions of pH, background components and initial solute
concentration in well-sealed, 125 ml teflon or glass bottles
which, when agitated, can be assumed to function as
completely-mixed batch reactors. Following the contact
period, the equilibrium pH is measured and a sample taken
from each reactor and filtered to separate the solid. Filtered
aqueous sample can be directly analyzed for solution com-
ponents. Several reactors containing no sorbent are used to
establish the initial concentration of adsorbates. Upon mea-
surement of the equilibrium solute concentrations, corre-
sponding solid-phase concentrations can be computed from
a material balance. According to this technique, each vessel
containing shot-blast fines and solute produces a data point
which, taken together, define the overall equilibrium rela-
tionship for the stated conditions.

FIG. 4 shows the adsorptive capacity of cast steel shot
blast fines for the cadmium ion in wastewater streams.

FIG. 5 illustrates a similar test of the adsorptive capacity
of cast steel shot blast fines for lead contaminants in waste-
water.

FIG. 6 illustrates a similar test of the adsorptive capacity
of cast steel shot blast for zinc contaminants in wastewater.

In each of the foregoing tests the adsorptive capacity of
the cast steel shot blast fines exceeded that of F-400 acti-
vated carbon, an expensive commercial sorbent in current
use 1n wastewater treatment processes. After initial screen-
ing with batch-mode testing, the shot-blast fines were tested
using dynamic column studies. These laboratory-scale,
fixed-bed adsorber studies evaluated the use of shot-blast
material in the fixed-bed mode. The procedure for dynamic
column studies is seen in Example 2.

EXAMPLE 2

A stainless steel column with inside diameter of 0.55-2.0
cm., depending upon the average particle diameter of the
cast steel shot blast fines, is packed with a given mesh size
fraction of shot blast fines at approximately 1-3 cm depth.
The sorbent column is supported on a fine mesh stainless
steel screen and on a layer of teflon flakes. Feed solution
containing the contaminant is continuously mixed in a
storage reservolr and pumped in upflow mode through the
column at 0.12-0.70 cm/s superficial velocity, correspond-
ing to a volumetric throughput of approximately 0.1 to
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cm®/sec using a high-precision, high pressure solvent deliv-
ery pump. Both infiuent and effluent samples are collected at
frequent intervais to obtain the relative concentration break-
through profiles. The run proceeds until the column is
exhausted as given by the effluent concentration of the

contaminant leveling off at its influent value. Efffuent pH is
also monitored. Similar dynamic fixed-bed experiment were
also run using deeper beds (6-9 cm.).

Results of dynamic fixed bed flow tests using a short bed

(3 cm) and a long bed (9 cm) for cadmium are shown in
FIGS. 7 and 8.

A homogeneous surface diffusion model was highly suc-
cessful in predicting the fixed-bed performance of the shot
blast fines, making scale-up much easier. A high level of
removal of heavy metal ions was found when up to 15,000
bed volumes of heavy metal-containing wastewater was
passed through bench-scale fixed bed absorbers.
Perchloroethylene, a chlorinated solvent commonly present
in many contaminated groundwaters and industrial
wastewaters, and phenol, an aromatic, were found to be
adsorbed onto shot blast fines. Cast steel shot blast has
additionally been found to remove organic contaminants in
wastewater.

As illustrated 1n FIG. 1, the waste shot blast fines may be
pre-processed, block 1. The preparation of the shot blast, if
desired, consists of sieving the material obtained from the
shot blast unit to separate the various size fractions. The shot
blast particles typically range from 20/30 mesh to greater
than 200 mesh. Experimental data show a marked increase
in adsorption capacity as the particle size increases. This
effect is seen in Table 3.

The shot blast is then placed in a fixed bed treatment
vessel and wastewater circulated over the bed as seen in
block 2. It may be desirable to adjust the pH of the
wastewater prior to treatment. Generally, the wastewater pH
should be in the range of 4-9 for treatment with cast steel
shot blast-containing beds. Periodic analysis of the effluent
may be performed to determine if further treatment is
needed, as shown in block 4. The wastewater treatment
process can be optimized for some metals, however, by
adjusting the pH up or down depending upon the adsorption
characteristics of the metal. Cadmium, for example, adsorbs
onto the shot blast fines more effectively at pH 7 than at pH
4. Zinc adsorption, however, peaks at pH 6.0-6.5. Back-
ground ionic concentration may also affect the absorption
characteristics of the shot blast fines bed.

Regeneration of the shot blast fixed bed, block 3, is
periodically required to remove accumulated heavy metals
compounds adsorbed upon the iron adsorption sites. Regen-
eration may be accomplished by stripping the shot blast bed
with an acidic solution or a concentrated ionic solution such

as 1-2 molar sodium chloride. The shot blast fines bed can
then be returned to service.

The output of wastewater treatment with a bed of shot
blast fines may be monitored to ensure the desired level of
contaminant reduction is achieved. Instrumentation such as
a gas chromatograph with flame ionization and electron
capture detectors may be used to monitor the concentration
of organic contaminants in the treated wastewater. Heavy
metal concentration in the treated wastewater may be moni-
tored with an inductively coupled plasma spectrometer.

An apparatus using cast steel shot blast fines to purify
wastewater is illustrated in FIG. 2. Wastewater is transported
through line 1 to a treatment facility. The wastewater is
directed by a pump 2 through flowmeter 3, then through line
S to either treatment vessel 10 or alternately through line 4
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to treatment vessel 20. Treatment vessels 10 and 20 each
contain beds of cast steel shot blast fines 15 and 25. The
thickness of the bed can be varied with the flow rate through
the bed and the concentration and type of contaminant to be
removed. The flow path of the wastewater is selected by
opening or closing valves 11, 16, 21 and 26. Treated
wastewater from either treatment vessel 10 or treatment
vessel 20 is then directed through lines 12 or 22 to be further

treated or “polished” in secondary treating vessel 40, if
desired.

Regeneration means 30 is connected to both treatment
vessel 10 and treatment vessel 20 respectively to allow one
bed to undergo regeneration while the other bed is on stream
so that the wastewater treatment process need not be inter-
rupted for regeneration. Acidic fluids and concentrated ionic
solutions, for example 1-2 molar sodium chloride, have
been found to regenerate the shot blast fines in beds 10 and
25. Flow of the regeneration fluid to the treatment vessels 10
and 20 is controlled by valves 31 and 32.

The wastewater quality can be monitored at sampling
point 5@ to ensure that the desired effluent quality is main-
tained. Monitoring can be accomplished by instrumentation
suitable for the contaminant. For example, gas or liquid
chromatographs can be used for organic contaminants. An
atomic absorption spectrometer or an inductively coupled
plasma spectrometer can be used for heavy metals. Finally
the treated effluent exits the system through line 55.

Additionally, mathematical models have been developed
that simulate adsorption phenomena under both static and
dynamic flow conditions. The models can be used to predict
the point at which the contaminant will be found in the
effluent exiting the fixed bed or the “breakthrough” point.
The mathematical models can be used to scale-up the
wastewater treatment process to commercial scale.

In another embodiment of the present invention, a bed of
waste cast steel shot blast fines may be used to intercept
water fiow from a contaminated industrial site or landfill so
as to prevent the migration of heavy metals or organic
substances beyond the barrier. Referring to FIG. 3, rainwater
runoff and natural water flow courses 2 tend to leach
pollutants such as heavy metals or other contaminants from
the contaminated soil 3. After determining the run-off and
sub-surface water flow patterns and the soil characteristics
by conventional means, a trench 10 can be dug so as to
intercept the water flow. This trench can be filled with waste
cast steel shot blast fines 15. This in situ bed will intercept
and fix the heavy metals and/or organics, preventing further
migration.

Alternately, the waste shot blast fines may be mixed with
other adsorbent material to facilitate the clean-up of chemi-
cal spills.

While particular embodiments of the present invention
have been illustrated and described, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the invention.

I claim:

1. A method for treating water contaminated with heavy
metals selected from the group consisting of cadmium, zinc,
copper, mercury, chromium, and lead, comprising the steps
of:

collecting shot blast fines generated during the processing
of iron containing materials;

pre-processing the fines to obtain a sorbent suitable for
use in treating a contaminated water source; and

contacting contaminated water with the sorbent to remove
the contaminants.
2. The method of claim 1 wherein the fines are generated
during impingement cleaning of iron-containing articles.

10

8

3. The method of claim 1 wherein the pre-processing
comprises sieving the fines.

4. The method of claim 1 wherein the contacting step
comprises flowing the contaminated water through a bed of
fines.

5. The method of claim 4 wherein the fines have a particle
size greater than 80 mesh.

6. The method of claim 1 further comprising adjusting the
pH of the contaminated water to a value between pH 4 and
pH 7.

7. The method of claim 1 further comprising the step of

~ regenerating the bed of fines.
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8. The method of claim 7 wherein the regeneration step is
performed by contacting the fines with an acid.

9. The method of claim 7 wherein the regeneration step is
performed by contacting the fines with a concentrated ionic
solution.

10. The method of claim 1 further comprising monitoring
the contaminant content of the water after it is directed
through the fixed bed.

11. A method for treating water contaminated with heavy
metals selected from the group consisting of cadmium, zinc,

copper, mercury, chromium, and lead, comprising the steps
of:
collecting shot blast fines generated during the processing
of iron-containing materials;

pre-processing the fines to isolate a fraction suitable to be
retained in a fixed bed when water is flowed through the
bed;

forming a bed of the fines suitable to be retained;

directing the contaminated water through the bed of fines;
and

regenerating the bed to remove the contaminants adsorbed
onto the fines.
12. The method of claim 11 wherein the pre-processing

step comprises sieving the fines.

13. The method of claim 11 wherein the fines suitable to
be retained have a mesh size greater than 80 mesh.

14. The method of claim 11 wherein the regeneration step
comprises contacting the bed with an acid.

15. The method of claim 11 wherein the regeneration step
comprises contacting the bed with a concentrated ionic
solution.

16. A method for treating water contaminated with heavy

metals selected from the group consisting of cadmium, zinc,
copper, mercury, chromium, and lead, comprising the steps
of:
collecting shot blast fines generated during the processing
of iron-containing materials;
sieving the fines to separate a first fraction having a

particle size greater than 80 mesh and a second fraction
having a particle size less than 80 mesh;

forming a bed of the first fraction of fines in a wastewater
treatment vessel;

directing the contaminated water through the bed of fines
to remove the contaminants;

monitoring the contaminant content of the water after it is
directed over the bed; and

regenerating the bed of fines by contacting the bed with an
acid.
17. The method of claim 16 further comprising the step of
using the second fraction to purify contaminated water.
18. The method of claim 16 further comprising the step of
adjusting the pH of the contaminated water to a value
between pH 4 and pH 9.
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